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DEAR SENATOR SPARKMAN Chis airmail letter is to advist ou that we have 
this day transmitted two copies of the report preparea by Professor Harold ¢ 
Weber concerning the effec Batter Additive AD—X2 or: ad acid batterie 
Following your suggestion we have entrusted these reports to Mr. Goodwin whe 
will deliver them pe rsonally to vou Wa ¢ 

There are certain points concerning these tests which I sl ld like to empha- 
size. 

We are making the results of the tests available solely to the Select Committee 
on Small Busine M. I. 7 ill make ib] i ) ( vith 
this investigation. 

\ vou Khow, t Li WOrkK Wa ul ( b M I l rm e! lé ( voul 

uri \ | re i t ( i | 
l Ww el t Ww 1 1 { va ( ( 





from any source, and they have no financial or consult rest in the product 
tested or in other similar products 

I would point out further that there are no recommendatio! luded in the 
report, nor did our group arrive at ar def tive e h respect to t 
commercial value of the product The report sets fort] e results of vet areful 
laborator tests, and these results ve been corroborated ; 1 analvzed tatiSse 
ticalls 

Four copies of the report have been prepared, two of which are being sent to 
vou and the other two will remain here at M. I. T 
' Professor Weber has gone to great pains and a consideral personal sacrifice 
in time to conduct a thorough, con petent, and partisal nvest i- 
tion of the effects of product AD—X2 on lead cell We hor it 





the report will contribute to the important wor 
Very sincerely yours, 
J. A. STRATTON, 


Vice Pre ent and Provo 
mm 








SOME FACTS CONCERNING THE EFFECT OF BATTERY 
ADDITIVE AD-X2 ON LEAD ACID BATTERIES 


1. AUTHORITY 


The work covered by this report was undertaken at the request of 
the Select Committee on Small Business of the United States Senate, 
to render a public service through this Committee. 

In a desire to employ its facilities as fully as possible in the public 
interest, and at the request of the Select Committee on Small Business 
of the United States Senate, the Massachusetts Institute of Tech- 
nology made available laboratory services and facilities for carrying 
out tests. 

2. Scope OF INVESTIGATION 


This investigation concerns some of the effects noted when Battery 
Additive AD-X2 was added to lead acid storage batteries. The 
finding of facts was considered of more importance at this time than 
the development of any theory to explain the facts. Theoretical dis- 
cussion will be pursued only as far as is deemed necessary for the 
proper presentation of the facts reported. This viewpoint is not to 
be interpreted as indicating that a theory for the action of this and 
possibly other similar battery additives has not been developed. 

A complete investigation would have required extensive laboratory 
and field experimentation. Because of the limited time available, 
a laboratory procedure based on tests which could be performed 
rapidly was developed. This test method did show several differ- 
ences between cells treated with AD—X2 as compared with untreated 
cells. 

3. SUPPORTING SCIENTIFIC AUTHORITY 


In view of the widespread feeling that battery additives—par- 
ticularly those composed largely of mixtures of magnesium and sodium 
sulphate—have no beneficial action on batteries, it was thought 
advisable to obtain supporting scientific confirmation for the facts 
found. Through the office of the President of the Massachusetts 
Institute of Technology, Prof. James A. Beattie of the Chemistry 
Department was asked to observe the experiments and to verify 
independently the facts established. Prof. Beattie observed a portion 
of the experimental work, and, in the limited amount of time he had 
available, did verify most of the facts tabulated in the next section. 

Through the same authority, Prof. G. P. Wadsworth and Dr. 
J. G. Bryan were requested to analyze the results statistically. 


4. RECOMMENDATIONS 
None, since the purpose of this work was to establish facts, 
DEFINITIONS 


In this report, the word “cell” will be used to designate a single unit 
consisting of a set of positive and negative plates, together with the 
container in which they are held. The word “battery” will be used 
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4 FFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES : 
Acct i to the manutacturer Chere are two effect to be noted l After 
t i ( j recover! i 1 fasts rate than 1t Wa eftore treatme { 
, | ( t made a very poor showing against treated Cell 5, it seem 
ut ¢ ally Cell 41 ecome as good as Cell 5, indicating that Cell 4 | 
| iffer from chemical, rather than mec! cal deterioration. 
| 
( . ; : 
bir lischarge Sm 15 min 
Second Discharge 20 mit 30 min | 
First Reeovery 2 mir 12 mir 
Peco 1 Reeover DI AD 7 min 
Chird Discharge $4, min 594 min 
( . - , ‘ 
- } 


Battery was discharged and allowed to stand 


First Recovery DEAD 17%, mir 734 0 


| was a new unused low-priced automobile battery lreated cell shows n¢ 
adva ize over untreated, as would be expected in a new battery ven thougl 
new, one cell of this battery, Cell 8, had a partial internal short, as indicated 
its going dead on standing 





It inusual to find two cells, even in the same battery, as close in test char 
acte! cs as are Cells 9 and 10 
( 1* 2 { 
I ¢ ( y ell; Cel i4 abou 1 B 1 
1 l ip I t< 
I 1 ] 27 1 4 01 0 ) { 
$ 24 2 { 1. 48 18 


By selection test, Cell 15 was poorer, 


First Discharge 9 min. 36 sec. 10 min. 20 see. 
Second Discharge J}1 min. 10 min. 30 see. 
Third Discharge 17 min. 15 min. 50 see 
Fourth Discharge 21 min, 24 min. 10 see 
{ Ls q - 

| rl \ VOI Ww ba t ction t 
I ree S 4 re 1 broke 3 n. 30 23 15s y 5 
{ } Ai 2 » 

\ t in t ( te ( ept ¢ N 2 
} 2 21 ‘ Lt ymin. 1 { 0 se 2 30 sec 


Note that one treated cell is slightly better than the best cell in the battery, 
Cell 23 untreated, and of the other four, the two treated cells are better than the 
two untreated cells 


30) 


No preliminary selection test made. 


First Discharge 16 min. 30 sec. 75 min. 15 see. 





This battery was ade from two larg¢ is The four resulti1 cells are of 
ampere-hour capacity. These figures could indicate that because of this, the 
untreated cells after two periods of char ing have recovered sufficientl to equal 
the treated cells, a result which would not be unexpected under such conditions, 





Cell N r 6% 1Q* ) 10 
\ll cells showed dead on preliminary selection test except Cell 37 Cells 35 
and 36 found to be shorted thr ugh case ( ase re Stance betwee 36 and 37 
than 2000 ohms. Discard 35-36-37, ice with 35 and 36 useless there are no ce 
for direct comparison with 37 \lso discarded Cells 38, 39, 40, e these showe 
dead after treating and try » charge I lent] a 1 from ce 
cell \ll sueceeding cells of ve will be tra erred to hard rubber case 
\ h) er p or ¢ yes 


By sel oO est ( \ lead Cell 42 ated \ ‘ } ’ 
empt I ade to « ire se et neither wo 1 ta il ) ( 
attempt, Cell 41 | ate ) and bo cells were d arc 


By selec t cells were dea Cell 44 treated 
First Discharg tm 12 min. 30 sec 
Cell N 45* 46 

By selection test, both cells were dead. Cell 45 treated. 
First Discharge DEAD DEAD 
Second Discharge 19 min. 45 see 9 mil 


Cell No 47° 48 


Both cells dead by selection test. Cell 47 treate 


First Discharge Less than 1 min. DEAD 
Second Discharge l 
Third Discharge 28 min. 5 min. 


\fter Second Discharge, Cell 48 might have been judged mechanically defec- 
tive. However, after third discharge, it must be concluded that the difficulty is 
chemical deterioration which is being corrected as recharging continues Because 


of treatment, chemical deterioratio! n Cell 47 is evidently being corrected more 
rapidly than in untreated Cell 48. 








Cell No 4 50* 
Both cells dead, by selection test Cell 50 treated 


First Discharg: YEAD DEAD 
Second Vischarge i min. 10 se Ll min. 45 se 
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EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 4 
nately charged and discharged. From marks placed on the glass 
cases, a reduction of about \ inch in sediment depth has been noted, 


some of this occurring while the cells were sitting idle for several days 
after the charge-discharge evcle. Complete sediment disappearances 
is not expected in these cells, but the level has receded to a point 
where difficulty from sediment is a remote possibility 

\ record is made at this time of an automobile battery in a rubber 
case. A hole was accidentally knocked in the side of tl 
stone thrown up from the road. Although the battery was eighteen 
months old and had been treated with AD—X2 six months previously, 
no sediment was found in the cell bottom, although some would have 
been expected. Incidentally, the negative plate exposed through the 
hole was soft and apparently in excellent condition. 

(c) Cells treated with AD—X2 when on charge presented a markedly 
different appearance frem those on charge without treatment. The 
gas evolved in the treated cells was in the form of minute bubbles, 
while that evolved in the untreated cells was in bubbles estimated to 
be 4 to 10 times as large as those evolved in the untreated. The 
liquid surface in the treated cells presented a different appearance 
from that in the untreated cells 

Differences of the type above described were noted in batteries made 
up of Cells 31-32-33-34, 49-50, 45-46, 53-54, 44-438, and are specifi- 
cally mentioned in the App ndix. 

(7d) The surface of a negative plate in a treated cell was distinctly 
softer than the surface of a similar plate in an untreated cell, both 
having been subjected to the same charge conditions Often softening 
was first evident near the edges of the negative plat 

This difference was noted in batteries made up of Cells 4-5, 6—7 


51-52, 53-54, and is specifically mentioned in the Appendix 


ie ease by a 


e) Under similar charge conditions, treated cells lost 
untreated cells. 

This fact is substantiated by Table I] Treated cells are indicated 
by an asterisk. 


ess liquid than 


I] 

Cell No 

Liquid lost ee No N 22 } 
These four cells were i e sa 1 il 

Cell Ni 49-50* $ 

Liquid lost ec 38—/2 20 ! 20 IS 1 122-88 
Above fi ( btained , \ 
{ res for ( S 19 fp ss i 
ymounts recorded 

Cell No $9 

Liquid lost ce 14—0) 12-38 Q-—42 0-52 Q-32 28-0 
Above figures obtained afte i oO r | - vy th 
levels would change i the a ‘ teries 
were allowed to stand overnight wit t cl Nove r7 the 
liquid levels were agair diust 1 ‘ lr} followings 


amounts of water were require 
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: \ of 

( 2-28 0) 26-22 1-32 54-34 
i ( ( I 1 l rene l water 
re l | i betwee! 1 
\ e 

plate pores 
N bove cells at ned t rv a 1 ( } 
i 10 reo! i patter 


Under identical conditions of charee, treated cells operated | 
to 3 degrees Centigrade (1.8 to 5.4 degrees Fahrenheit) cooler than did 
intreated cells 
This fact is substantiated by Table IL], made up of data chosen from 
the \ ppendix. Treated cells are indicated by an asterisk. As before. 
comparisons must be made between cells in the same battery and 
not between batteries. 


Table IT] 
4 11-4 7*-48 
remp ( 33.8-29.8 27.8—-28.9 IS 33 52-36 
Cell No 4 f 
emp. ° 28-29 27-32 34-35 


An interesting fact about this temperature difference is brought out 
I 


by Table IV in which rather extensive temperature readings are re- 
corded for Cells 31—32-33-34, all in the same battery 
Table I\ 
First Charge on Cells 31—32—33-34. 
A general observation that during this char treated cells ran 


about 2° C. cooler than untreated cells. 
Second Charge: 


( N¢ l [ime 
25 24 27 26 2:25 
| 26 25 28 2S 2:32 
re ( 98 oT 30) 30 2:4 
32 5 3} 30 oda 
4 4 $4 } 7 


On charge three days later (October 31 


‘i 
ell N 
| ( >) 8 2) : ‘ 52 

\ 
; 

; ; 

tron abl IV the eonelusion mich be drawn that the difference 
in temperat e during charge between treated and untreated cells 
yecan maller when both cells had been charged and discharged 


enough to correct chemical deterioration. It was previously pointed 
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out under the discussion on capacity that the untreated cells in this 
group appeared to have recovered sufficiently because of their small 
capacity and repeated charging, so that they differed but little from 
the treated cells The temperatures for October 31 and November 3 
as compared with those on Second Charge gives some indication of 
this effect. It would possibly have been desirable to have read all 
temperatures for the nearest tenth degree, but since only a difference 
was of interest and since it was anticipated offsetting effects might 
influence temperature readings, more precise readings were not made. 

q) During charge, and starting with discharged cells, treated cells 
gave higher hydrometric readings than untreated cells, the differences 
being greater than can be explained on the basis of the treating ma- 
terial added. Table V, based on the laboratory data, substantiates 
this fact. Treated cells are indicated by an asterisk 


Table \ 

Cell No ! 18 19 20° 21 22° All in one battery 
Gravity 1160 1140 1175 1220 1145 1175 
Cell N 9 ” _ age at natecre 
Gravity 1200 1235 1200 1225 1200 1200 

Taken on charge November 5: 
Cell N 19-51)" 15°-4 *_54 17*-48 
Gravity 1050-1100 1110-1050 1110-1050 1140-1050 
Cell No 14°43 Hi LOS A B® 
Gravity 1105-1050 1080-1050 1050-1120 

Taken on charge November 6: 
Cell No 19-50* 45*-46 *_54 $4*-43 
Gravity 1090-1130 1175-1120 1175-1100 1150-1050 
Cell N ‘ 103.4 
Gravity 1125-1100 1150-1175 


The effect on gravity of adding the specified amount of the additive 
was determined as follows: 

To 550 ec. of 1300 acid (approximately the amount required to 
bring liquid level to proper height in one cell of a croup | passenger 
car battery) the specified amount of additive was added. When done 
in a graduate, not in the cell—this caused the gravity to rise to 1320 
at room temperature. 

When the specified amount of additive was added to one cell of a 
new Beacon 90-ampere-hour battery made by Gould National, the 
gravity rose from 1250 to 1260 

Cells 41 through 56 required approximately 800 cc. of electrolyte 
to bring liquid to proper level. One would conclude that in these 








LQ EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 
cells addition of additive would cause the gravity to rise less than the 
10 points found in the case of the Beacon battery. 

(h) When AD a2 was added to a cell containing a diluted elec- 
trolyte, as in a discharge cell, the conductivity of the electrolyte 
increased. 

This result is a direct consequence of adding an ionizable material 
to the electrolyte (such as magnesium or sodium sulphate).  Pro- 
vided such added material introduces no deleterious effects, it would 
seem that the desirability of this effect would be above criticism, and 
certainly the result itself could be predicted without recourse to 
laboratory experiments, 

Twice during the laboratory experiments, this effect was noted 
once during the first experiments on Cells 1-2-3 when, on adding the 
additive while the cells were on charge, the voltage across the cell 
treated suddenly dropped, and the current through the whole battery 
rose (see Appendix 

On October 31, Cells 41 through 56, together with 6 as of that date 
unnumbered cells, were put on charge. With the charger available 
operating at its highest voltage, less than 1 ampere flowed through the 
cells. When additive was put in five of the cells, more than 5 amperes 
could be passed through the series of cells 


LIMITATIONS OF LABORATORY RESULTS 


The difficulty of duplicating in the laboratory results obtained in 
the field is well recognized in engineering work. The laboratory 
evaluation of a material such as AD—X2 is further complicated by the 
rreat. Variation in the samples subje ted to test, even though every 
effort be made to so select test units as to minimize such variation 
Usually, an evaluation of how a product will act under field conditions 
can be obtained only after extensive laboratory experimentation. 
Even after such experimentation, it is common practice in engineering 
work to subject products to field tests. How a given innovation will 
perform under use conditions is the true test of its worth Kor this 
reason, laboratory findings must be supplemented by field use data 


if a true evaluation is to be obtained. 
pe ‘ is 
7. EXPERIMENTAL PROCEDURI 
(A) SELECTION OF SAMPLE 


Even new storage batteries show considerable variation, and when 
one realizes that the tests herem reported were made on partially 


deteriorated batteries, the difficult of selecting a representative 
sample becomes even greatel itis relativ iv easy to obtain discarded 
batteries, bu isuall a discarded battery has deterior: ted to such 

degree, perhaps because of the development of mechanical defects 


due m considerable deer to chemical deterioration, that treatment 


with an additive would vield no beneficial effects 


\ desirable mole for these tests would be made up of a series of 
cells, all of which had b ns Dye ted to the same Past history, but 
none of which had a veloped so-call d mechanical detects. More- 
over, sucha sample sho ld have experienced chemical det rioration of 
the tvpe usually referred to as sulphation ( fortunately it | 


COMMON Practice o try to ¢ ffset eh TLIC: | det rioration by prolonged 
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charging. Without doubt, this often occurs when an automobile 


battery begins to deteriorate chemically Without resorting to prep- 
gration of a special] deteriorated samp vhich would require 
several months, the only uilernative evident was to obtain new 
batteries, all of which | Ld I | the same lall of which 
had stood for extended periods of time with the electrolyte in them 
in a discharged condition, but had not bee subye qd to period 
attempts at recharging. The only cells ly fulfilii Lest 
ments were those from Nos. 41 to 56 

So that undesirable variation would not be introd d by the test 
procedure, the various batteries althouch Ib ed to differ 
conditions of charze and dischars ve so handled experimental! 
that all of the cells in anv given ba ery received as fi iS possible 
the same treatment 

An additional troublesome polmt in tt propel lection Of a samp! 
was the development ol a method for find ( ls havine mechanical 
defects before the actual test procedure sti a ind without imtro 
ducing changes in the cells because of the se! LLO rroced ure It 
Was finally decided that a relatively short « I ot 15 minutes to ] 
hour at a rate of 2 to 5 amp., followed by a disah eat a moderate 
rate, offered the most hope for eliminati cderectiy cells his 
method did not serve too satisfactorily, since often a cell whieb showed 
no ability to store energy on the short char \ large cycle, On a 
lonver test cvele, proves to be in “lisiveclor ondition tor tes 
However, among cells chosen as satisfactory for test, the preliminary 
test orocedure did give a fairly cood madication ot the relative conditions 


of the various cells in any one battery. 
Throughout the tests, the eT ral tendency Was not to treat with the 


additive those cells which showed up best in any one battery, but rather 
to reserve for treatment the poorer cells. 


B) PREPARATION OF THE SAMPLE FOR TEST 


In most cases, the batteries to be seleeted ior test were opened, the 
plates examined—particular attention being paid to cracked positive 
plates—and new separators were installed. Short circuits between thi 
cells in a given battery container were checked, particularly if th 
container was of composition rather than hard rubber. Wherever 
practical, an empty cell pocket was left between treated and untreated 
cells to ensure that there was no leakage between the two kinds of 
cells, and also to serve as heat insulation to prevent temperature 
equalization between treated and untreated cells 

Since the cells chosen for test were sulphated, there was some 
question as to what electrolyte should be added to the cells. In 
practically every case, if the cells still contained the original electrolyte 
and the sulphate which would be released from the plates on complete 
charging, a sufficiently high gravity would be attained to meet the 
manufacturer’s specifications. In such cases, only distilled water was 
added to make up the electrolyte level Where the cells contained 
none of the original electrolyte, the general procedure of adding a 
sulphuric acid-water electrolyte of L100 gravity was followed Had 
these cells been fully charged, it is quite probable that eventually the 
gravity of the electrolyte would have exceeded the manuiacturer’s 
specifications, and it would have been necessary to withdraw eleetro- 


301745—53 








12 EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 


lyte and substitute distilled water. In none of the tests was charging 
carried iar enough to make such an adjustment necessary. 
( TEST METHODS 


Charging Conditio 


All cells in any given batt ry were ¢ harged in series to ensure that 
the same number of ampere hours passed through each cell in the 
battery Where individual cells were not dead before charging 
Started, they were brought to a dead condition by discharging to a 
point where on direct short through an ammeter less than 1 ampere was 


indi ated on the meter, the full-seale reading being 25 amperes. 


D DISCHARGE CONDITIONS 


During discharge each cell in a given battery was discharged indi- 
vidually, and every attempt was made to have the discharge rate the 
same for each cell. No particular attempt was made to have the 
conditions the same in all batteries during either charge or discharge, 
although to a very rough approximation, conditions were comparable 
for most batteries tested. 


E) INSTRUMENTS 


In the early experiments batteries were charged by means of a 
variable voltage selenium rectifier, capable of supplying up to 10 
amperes at 9 volts. In later experiments a “Lemeo’’ double unit 
service station charger was employed. Each unit could deliver up 
to 6 amperes at approximately 100 volts. Voltage was adjustable in 
several steps. During charging when using the “Lemeo” unit, current 
was measured by the rather crude ammeters built into the charging 
unit. When using the selenium rectifier, the rate of charge was indi- 
cated by inserting a small Weston ammeter directly in the charging 
circuit Discharge voltages were measured on one of two large volt- 
meters reading 15 volts at full seale. Readings could be made to the 
nearest tenth of a volt and estimated to five-hundredths of a volt. 
Amperage during discharge was measured on either one of two large 
ammeters, the full-scale reading on each being 100 units. By : 
series of shunts either meter could be made to read 5 amperes, 25 
amperes, or 75 amperes full seale. No attempt was made to deter- 
mine the absolute accuracy of the various meters used since for the 
tests in question relative readings were sufficient. But of those used 
for the discharge experiments, the two ammeters were adjusted to 
read the same over that part of the seale used as were also the 
two voltmeters. 

For the measurement of gravities ordinary service station hydrom- 
eters were emploved, one hydrometer being used for treated cells the 
other for untreated. For measuring a few egravities below 1100. a 
float in a graduated cylinder was used. The two hydrometers on 
checking were found to read the same and the additional float was 
found to check the two hvdrometers at the 1100 point. 

Temperatures were measured with ordinary laboratory thermom- 
eters, all thermometers used being checked against each other at room 
temperature. Only those which gave the same reading under these 
conditions were used. 
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Discharge Resistances 

To control the current on discharge, variable nichrome slide wires 
capable of carrying 10 amperes, 50 amperes, and 100 amperes were 
used. Except when voltages were falling rapidly during discharge, 
the discharge rate could be kept constant within approximately 1/10 
of an ampere without difficulty. 


F) TESTS EMPLOYED 

( apacity Test 

The various capacities of the cells in a chosen battery were deter- 
mined by subjecting each cell in the battery after identical charge 
conditions to identical discharge conditions, discharge being carried 
to one volt in the case of each cell The relative lengths of time to 
reach a potential of one volt were taken as relative measures of the 
amounts of energy recoverable from the cells on initial discharge. 
Re covery Te sts 

It is well recognized that a storage battery if rapidly discharged 
and then allowed to stand will yield additional energy because of a 
recovery process which occurs. During this recovery it is assumed 
that either material on the interior of the plates or electrolyte not 
available for use in the first rapid discharge becomes available as the 
cell is allowed to stand on open circuit. This recovery phenomenon 
can be observed several times before the cell is completely discharged. 
The recovery tests were made in much the same way as original 
discharge tests and in every case as nearly as practical after the 
cells in any given battery had stood for the same periods of time. 
To this end, when two treated and two untreated cells were to be 
tested for recovery from the same battery, discharge, to measure 
recovery, was carried out with treated and untreated cells alternating 
in the order of tests. 
Temperature Measurements 

Temperatures were measured during charge by inserting thermom- 
eters directly into the electrolyte above the plates. Satisfactory 
temperature measurements could be made only in those instances 
where either a large portion or the whole cover had been removed 
from the cell. It was deemed impossible to remove covers from the 
airplane-type batteries tested without seriously injuring the batteries 
themselves. Therefore, no temperature measurements were made on 
these cells nor on some of the automobile-type batteries tested. 
Liquid Loss 

Liquid loss during charge was determined by first bringing all the 
cells to be tested to the same liquid level, the level in the case of most 
of the cells tested being determined by the sharp edge of the ledge 
cast into the container as a seat for the eell cover. After charge, 
liquid loss was measured by noting the number of cubic centimeters 
of distilled water required to once more bring the liquid level to the 
sharp ledge edge. This method was thought sufficiently accurate for 
determining the liquid loss. 
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G VISUAL OBSERVATIONS 


In every case where cells under test were either in transparent 
contamers or had had the Lops removed so that the complete surface 
of the electrolyte was visible, marked differences in appearance were 
noted during the charge po riod between treated and untreated cells. 


Gas evolution from treated cells was in the form of almost pinpoint 


bubble . Wk SOME Cases the bubbles ariiting to the surface, rather 
than risin in almost cloudlike formation. These bubbles broke 
through the surface with very little surface disturbance, as con- 


trasted with the much larger bubbles which rose rapidly through 


thre intreated cells and brok« through the surface with considerable 


spatter The surface itself on the treated cells presented a dif- 
beren appearance than the electrolyte surface on the untreated 
On the treated cells, this surface appeared more viscous, and in some 
ces almost dusty 

Repeatedly, the negative plates on treated cells were found to be 
considerably softer than corresponding plates on untreated cells 
from the same battery. Sometimes the soft areas were concentrated 
near the edges of the plates, and sometimes soft areas were fairly 
well distributed across the plate surface. The differences were 


readily noted by using a thumbnail as a sort of miniature plough Lo 
scoop up the softened surface. Under the same conditions, the 
hardened areas on an untreated negative plate could not be ploughed 


up. 

. In one of the first cells treated several months before this particular 
set Ol tests Wa started, well over an inch of sediment at the bottom 
of th clas ease contaimming the cell disappeared, leaving behind a 
laver less than ‘x of an inch thick, composed almost entirely of large 
flakes of sediment. A similar decrease in the amount of sediment 
was noted in four other glass-cased cells which were treated prior 
to the start of these tests. All five of these cells, however, were 


under constant observation throughout the tests herein reported. 
H) INCREASED CONDUCTIVITY OF DISCHARGED CELLS 


It sometimes happens in a completely discharged cell that the 
ele trol, te becomes so poor a conductor as to prevent a series of such 
celis from by 1 ¢ har red. OTL & ¢ hareer of limited voltage range Under 
uch conditions, the addition of a material such as AD—X2 which 
will form a conducting solution cuts down the resistance of the cells 
sufficiently so that current can pass thar ugh the cells and the charging 
process be carried out, Whereas otherwise it would be impossible, 
or at least require excessively long periods to build up sufficient 
conductivity to allow reasonable charging currents to pass. This 
phenomena seems to be fairly well recognized by battery workers. 


8, STATISTICAL ANALYSIS OF RESULTS 


\ of experiments to test the effect of AD—X2 on storage 
batteries were conducted by Prof. H. ¢ Weber, and after the ex- 
periments were con pleted, the data were s bmitted to us for statis- 
tical analysis. With the exceptions of relative bubble size, which was 


stimated visually, and softness, for which the fingernail test was 





EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 1) 


used, the data were Instrument re adines and therefore quantitative 
Because the individual batteries could not be considered compart ible 
one to another treated and intreated eells ron the same by ttery 
were compared, but LO CO Darisons of instru nt 1 adinge’s between 
cells from different batteries were attempted 

Restricting the analysis to within battery con parisons does not 


eliminate all of the obstacles to a statistical a ypraisal of significance. 
Most statistical techniques depend ipon some reasonable hypothesis 
as to tlre probability distri tion of the meas rel its Inder con- 
sideration Lacking previous experience with storage batteries, we 
cannot draw upon past experien as to some of the distributions 
involved, nor can we obtain ifierent information to estimate them 
from the data at hand. For this reason we have often employed 
nonparametric techniq ies to obtain estimates of significance since 
1 


these are usually less sensitive than tests based upon specific distri- 
butions, the results would have been more impressive rather than less 
had parametric tests been availabk 

In several cases we have given more than one estimate of probability 
in order to compare the degrees of significance obtamable under hy- 
potheses of Vary ing degrees of nerality. 

We shall now consider the individual conclusions drawn by Professor 
Weber as a result of his observational data: 

a}: (mong the cells in wy chosen battery, all cells in such battery 
having been subjected to the same previous history, except for treat- 
ment with AD—X2, treated cells showed larger capacities than did 
untreated cells, both be ing subjected to the same conditions of dis- 


charge.”’ 


In prot ssor Weber’s data there are 1] paired COMparlsons which 
may be made on individual batteries. In some of the cases, he con- 
sidered the result of one discharge and in others as many as four dis- 
charges. It is obvious from this that the amount of experimentation 
done on any one battery Was function ol the res ilts that he was 
obtaining as he progressed. This produces In all probability a set of 
data on nonhomogeneous situations, and also some amount of intercor- 
relation between the values found. For that reason we decided to use 


the results on the first discharge unless both or one of the batteries was 
“dead.” In the latter event we would consider as part of the data to 
be analyzed the first discharge which had nonzero values for both of 
the cells. In table | we o1ve the two cells which were palre d and the 
number of the discharge for which both values were different from 
zero. The actual time to discharge for both the treated and the 
untreated cells is given, and the last column shows the difference, 
which is positive if the treated cells denoted by stood up for a 
longer time. 
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TABLE I Discharge Data 


R [ Mint 
= I ) l { Ditt nee 
1,5 | 55. 00 6. OO 19. OO 
6, 7 | 15. 0O 8. OO 7. 00 
15 16 | 9. 50 10. 33 —. 83 
29, 307 l 75. 25 16. 50 28. 75 
13, 4 | 12. 50 1, OO 8. 50 
15 16 2 19. 75 9. 0O 10. 75 
17 tS 3 28. Of 5. 0O 23. 00 
19, 50 2 11. 75 me 4, 58 
D1, 52 l 8. 75 11. 50 2.75 
53*, 54 l 30. 50 0. 50 30. 00 
55 56 | 2. OS L. OO 1. OS 
I IULTIPLE CELLS 
1 I A | M 
( ) I ° { Diff ) 

1. aa l 33. 00 31. 25 Lt 
17, 19, 20*, 21, 22 l 28. 37 28. 58 —, 21 
23, 24*, 25, 26*, 27, 28% l 22. 33 18. 61 3. 72 
31 32*, 33, 34 l 14. 29 6. 30 7. 99 


nee the basic concept of significance testing is fairly simple, we 
shall review the general ideas before proceeding further. As soon as 
it is admitted that experimental results of a certain type need not all 
be in the same direction or constant in magnitude, there arises at 
once the question as to whether a particular set of observations reflect 
anvthing more substantial than drawing lots If it can be shown 
that the probability of getting results of a given kind at random is 
not more than | m 20, statisticians say that the outcome is statis- 
tically significant, and if the probability is not more than 1 in 100, 
thev say the outcome is highly significant. 

To estimate the probability of getting a certain kind of result by 
chance, statisticians trv to formulate a mathematical situation on a 
par with drawing lots. Of the possible tests of significance which 
ean be applied to expe rimental data without presupposing knowledge 
of the distributions involved, we have chosen two, which are con- 
ceptually simple. In both tests, the lot-drawing hypothesis would 
have it that treatment with AD—X2 has no beneficial effect on battery 
performance, and that the asterisks might just as well have been 
assigned without reference to treatment. In these tests, as well as 
others to be described later on, we compute the probability of obtain- 
ing results this favorable or more favorable to the use of AD—X2 if 
the asterisks were no more pertinent to the outcome than flipping 
a2 com 

In the first test we ask the question: “If the asterisk were nothing 
more than an arbitrary label assigned at random to one cell in each 
battery (implving that the observed differences of discharge time 
were due to chance alone), what is the probability that we shall 
observe at least as many as v positive differences?” In other words, 
what is the probability of obtaining 9, 10, or 1} positive differences 
in a random draw of 11 pairs? The answer is that the probability is 
only about .03. That is, we should expect results this favorable 
(9 positive differences) or more so (10 or 11 positive differences) 
about 3 times in 100 similar experiments. 
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The second test of significance is nonparametric also but involves 
the use of the magnitude of the numbers involved. Once again the 
asterisks are assigned at random for the two cells within each battery 
In this case all possible sums for the differences between the treated 
and untreated cells are computed for every conceivable arrangement 
of asterisk and nonasterisk in the 11 pairs. The number of ways 
that a sum of the total differences for the 11 pairs can be as great as 
or greater than the one observed is then compared to the total number 
of possible sums. ‘The ratio of these two numbers represents the 
probability of the occurrence of the event. In our case there are 
6 ways that we can rearrange the asterisk and the nonasterisk cells 
in order to obtain a sum which is as great as or greater than the one 
observed. The total number of possible sums is 2,048, and therefore 
the probability P of obtaining a total sum for the 11 differences at 
least as great as was observed is P=.003 approximately, which is, 
of course, 3 chances out of 1,000. To facilitate the verification of ow 
computations, we have presented the details in Table IL and Exhibit 
I, which will be found at the close of this section. 

This method explained in the previous paragraph seems to us to | 


the one which is less subject to criticism as far as the choice of data 





is concerned and seems to represent most fairly the probability in- 


\ > 4 j 1 } 
volved We do not feel that any estimates can be made of the actual 


superiority of the treated cells over the untreated cells percentage- 
Wise or In actual magnitude, because of our lack of knowledge as to 
the distribution of potential observations or inherent variability 
between cells within a battery and between batteries in the condition 
for which this treatment micht be elfeetive However since this 
analysis does indicate that it is very unlikely that differences such as 
were observed occurred by chance, it is reasonable to Suppose that 
there must have been a favorable effeet from the AD—-X2. Whether 
or not this efect is creat enough to be of commer inl value is some- 
thing that must be determined from field experiments both as to the 
percentage of batteries which are appreciably improved and as to the 
magnitude of that improvement. 

Although we feel that the following analyses are not as just fied as 
the preceding one, we give them here for anvone who might be inter- 
ested. If only those 8 pairs which vielded a reading other than zero 
on the first discharge are considered as the entire legitimate evidence, 
then a probabilits of obtaining 6 positive and 2 negative signs, assum- 
ing the asterisk and the nonasterisk are distributed at random, is 
P—.144. We ean also, of course, proceed as was done in the before- 
mentioned analysis and calculate the probability of obtaining a sum 


as great as or greater than the one actually observed, assuming that 
the asterisks were distributed at random inside the batteries. Here 
the probability is P 025 To us, this procedure does not seem to 


be fair, inasmuch as other experiments are available which involve 
the first discharge only, but thev involve 3, 4, 5, and 6 cells respectively 
| f 

© 


for individual batteries It would then seem logical to utilize all 
the first discharges by averaging the asterisk cells and the nonasterisk 


+} 


cells in each battery and subtracting one average from another if 
they were merel\ paired measurements sli Lilay oO the previous data. 
This introduces a degree of nonhomogeneity into the data itself, but 
it is the best that can be done with information on the first discharge, 


if we are going to restrict ourselves to that. The probabilities for 
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the sign test are 073 assuming that the 8 pairs available on the 
first discharge and the 4 remaining comparisons available from bat- 
teries with more than two cells tested are combined Im one sample. 
We can also apply the test of magnitude and find that the probability 
there is P=.005 

It is of interest to note further that if all the data were combined 
that is the original 11 pairs, as given In Table g plus the data on 4 
batteries where more than two cells are tested) the respective prob- 


» ] 


abilities are | O18 in the case of the sign test and P 0006 in the 
ase of the magnitude test These additional probabilities merely 


corroborate what we considered to be the preferred analysis. 


ID ( 
lultiple | 
21 
S3 
1. OS 
i 79 
40 
a te 
$ OS 
7. 00 
7. 99 
8. 50 
10. 75 
23. 00 
28. 75 
30. 00 
LY. OO 
kexninir | ( 1} ATION OF PRORABILITII 
/ Dischara 
Pairs ¢ Negative Total aye) 


MAGNITUDE TI 


Better All signs 1 Way 


Better One Sigi >} Ways 
Bet Cl r Sale Two S121 2 Ways 
Te tal 6 \W avs 
) 0 ? ) 99 
Probabil 9 9 io8— )25 
IGN TI I 
Better All signs 1 Way 
Better One sign 8 Ways 
Same Two signs 28 Wavs 
Total 37 Ways 
Probability ="" =", =.144 





EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 19 


First Discharge—Continued 
Pairs and Multiple Cells (Negative Total 


1. MAGNITUDE TEST 


Better All signs-+ 
Better One sign 
Better Two signs 
Better or Same Three signs 
Total 
a 20 20 
Probability = = = 0049 
: 22 1096 
2. SIGN TEST 
Better All Signs-+ 
Better One Sign 
Better Two Signs 
Same Three Signs 
Total 
99O0 9090 
Probability == ™ 0730 
ne a 


First Registering Discharge 


Pairs Only 


1. MAGNITUDE TEST (NEGATIVE TOTAL= 

Better All Signs 
Better One Sign 
Better or Same Two Signs 

Total 

6 3 3 

Probability == ~ 0029 
72 20 1024 
2. SIGN TEST 

Better All Signs- 
Better One Sign 
Same Two Signs 

Total 

67 67 
Probability == =- .032 
on 7 Di ~ 2048 
Pairs and Multiple Cells (Negative Total 
1. MAGNITUDE TEST 

Petter All Sign 
Petter One Sign 
] etter Two Signs 


Letter or same Three Signs 


Total 


‘ 9 

. ee a 20 20 a 106 

Probabili v= BE anne = O0O06 
: 2 32768 


31745—53——4 


6 Wavs 
8 Ways 
5 Ways (38+1+1) 
20 Ways 


| Way 
12 Ways 
66 Ways 


220 Ways 


299 Ways 


1 Way 
3 Ways 
2 Ways 


6 Ways 


1 Wav 
6 Ways 
8 Wavs (44+3+1 


5 Ways (3+1+1 


20 Ways 
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First Registering Discharge—Continued 


2, SIGN TEST 


Better All Signs+ 1 Way 
sett One Sign 15 Ways 
Better Two Signs 105 Ways 
Hal Three Signs 155 Wavs 
Total 576 Wavs 
576 576 
‘ ‘ - 
Probability = = —____ == 0176 
215 32768 
NOT! Noa vance was made for fact that treated cell 52 was found to have 
four cracked posiiives nor for fact that the poorer cells were chosen for treatment 


b) “When AD-X2 was added to cells containing sediment, the 
amount of sediment decreased both while the battery was on charge 
and when it was not on charge.” 

Although the empirical evidence supports this statement, we cannot 
perform a statistical test on these data. 

c) “Cells treated with AD—X2 when on charge presented a mark- 
edly different appearance from those on charge without treatment. 
The gas evolved in the treated cells was in the form of minute bubbles, 
while that evolved in the untreated cells was in bubbles estimated to 
be 4 to 10 times as large as those evolved in the treated. The liquid 
surface in the treated cells presented a different appearance from that 
in the untreated cells.’’ 

As evidence of this statement results on the following cells are 
given in the Appendix: 31*, 32*, 33, 34, 43, 44*, 45*, 46, 49, 50*, 53*, 
54, 55*, 56, 103A, 103B*. This gave a total of 16 observations, eight 
on the treated cells and eight on the untreated. However, 53* and 54, 
could not be observed internally because of the casing, and therefore 
this leaves 14 available observations for analysis. Since it is reason- 
able to assume that previous history in the form of length of time of 
charge, number of discharges, etc., are not pertinent here, we have used 
the ordinary 2x2 contingency table with the exact probability of the 
arrangement computed. 


'reated Untreated Potal 

Small Bubbles 7 0 7 
Large Bubbles 0 7 7 
Total 7 7 14 


The exact probability of the occurrence by chance of the above 
arrangement with the given marginal totals can be computed as 
follows: 
1) 2h aha | 
P " 00029 
7! O! 7! Of 14! 34382 


ve 
Since this probability is extremely small, there is no doubt that 
there is considerable association between the small bubbles and the 
treated cells 

d) “The surface of a negative plate in a treated cell was distinctly 
softer than the surface of a similar plate in an untreated cell, both 
hav ing been subjected to the same charge conditions. Often, soften- 
ing was first evident near the edges of the negative plate.” 
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As evidence of this statement results of the following cells are given 
in the Appendix: 4, 5*, 6, 7*, 51, 52*, 53*,54. Allof the cells that were 
treated showed that the sulphate was ‘soft’ while in the case of the 
untreated cells the sulphate was hard and therefore the ordinary 
2 x 2 contingency table used in (c) should also be appropriate as 
follows: 


Treated Untreated Total 
Hard 0 + } 
Soft 4 0 4 
Total 4 4 8 


P= (4!) (41) (4) (4)_ 1 
~ Sto! 4! 4to! 70 


Although this probability is somewhat larger than that in (c) due to 
the fact that a smaller number of observations were available for 
analysis, there exists a significant association between the soft plates 
and the treated cells. However, one can certainly not conclude from 
this small amount of data that the treatment will always produce a 
plate which is softer than one not treated in the same battery. 

(e) “Under similar charge conditions, treated cells lost less liquid 
than untreated cells.” 

The following data are presented by Professor Weber to corroborate 
the above statement, and the differences in Table III are the treated 
cell liquid loss minus the untreated: 


TaBLeE III].—Liquid Loss 





Pair Nov. 5 Nov. 6 
a es ____—iDifference __Difference _ 

43, 44* 82 52 
45*, 46 34 26 
49, 50* 34 44 
53*, 54 46 12 
55*, 56 24 32 
103A, 103B* 34 28 


A conclusion on this set of data is not particularly obvious. It 
would seem that the duplicate run from November 5th to November 
6th would not materially increase the information since a cell which 
is losing water on one day would probably lose it the next with about 
the same order of magnitude. The difference between 50* and 49 
on November 5th is negative, and Professor Weber believes that this 
is an interchange of the two values in writing them in his notebook. 
This would seem a logical conclusion, inasmuch as the loss of water in 
these two cells should be in the same direction on the second day, 
irrespective of whether or not the AD—X2 was effective. If we con- 
sider the sign test alone on November 5th, the probability of obtaining 
five or more positive differences, assuming the asterisk were assigned 
at random, would be P=%,4, and the magnitude test would yield about 
the same result, namely, a probability of P= %., since there are three 
34’s all of which can bear the negative sign without increasing the 
sum. Neither of these probabilities can be considered as significant. 
If November 6 were considered the data on which the conclusions 
were to be drawn, the probability of both the sign and the magnitude 
test is P=%,, which would reverse the decision. Neither of these 
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techniques, of course, takes into account the possible distribution of 
the measurements. Since a meacurement in the diflerence of level 
in the liquid is much more likely to be distributed in a manner for 
which ordinary statistical techniques would apply such as testing the 
hypothesis that the mean difference is greater than zero, we have 
computed the variation of the mean difference from zero in terms of 
the standard error of this difference on the basis that the mean differ- 
ence normally distributed. This is commonly known as the ‘‘t”’ test, 
and in our case it is that statistic based on five degrees of freedom. 
The value of t for November 5th is t=2.01, and utilizing a one-sided 
hypothesis the probability is P=.051, which is on the borderline of 
significance. On November 6th, t=8.92, the probability of which is 
very much smaller than one in a thousand and thus is highly signifi- 
eant. Unfortunately, these two estimates cannot be combined 
because the amount of dependence cannot be reliably estimated. It 
would appear to us that more independent data should be obtained if 
there is doubt as to the —34. On the other hand, the very significant 
result obtained on November 6th lends credence to Professor Weber’s 
belief that he made a clerical error in recording the difference between 
49 and 50* on November 5th. 

(f) “Under identical conditions of charge, treated cells operated 2 
to 5 degrees Fahrenheit cooler than untreated cells.” 

Referring to Table IV of Professor Weber’s text, it seems fair to 
assume that the operating temperature difference is a function of time, 
and that both treated and untreated cells will eventually approach the 
same temperature. This fact contrasts with the conditions of the 
previous conclusions, which did not seem to be systematically depend- 
ent upon time. There is not enough data to enable us to make a 
reliable estimate of the temperature difference as a function of time, 
and for this reason we do not believe that a statistical test based on the 
magnitude of the difference would be legitimate. This forces us to 
confine our analysis to the sign test, which, of course, is not very 
sensitive; and because of its insensitivity, we can fail to establish the 
significance of an effect which actually exists. Relevant data are 
shown in our Table IV below: 


TaRLE I\ Te mperature Differe nces 
Pair = ee, Difference 

.. 5" 4 
6, 7° l 
41, 427 5 
17*, 48 4 
51, 52* a | 
3*, 54 5 
55*, 56 1 


The differences recorded in Table LV were obtained by subtracting 
the temperature of the treated cell from the temperature of the un- 
treated cell. In seven pairs the difference was positive five times, and 
by the sign test there are 29 chances of obtaining a result this favorable 
or more so in 128 trials; therefore the probability is P=.227. This 
value is certainly not statistically significant. In order to establish 
Professor Weber's conclusion (f), it would be necessary to obtain more 
data; and in doing so it would be advisable to take temperature read- 
ings at equal intervals of time. 
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(g) “During charge, and starting with discharged cells, treated cells 
gave higher hydrometric readings than did untreated cells, the dif- 
ferences being greater than could be explained on the basis of treating 
material added.” 
The data presented to substantiate this statement is enclosed in 
Table V where the differences tabulated are the excess of the treated 
cells over the untreated as follows: 


TABLE V Hudromet Difference 


Dike ‘ 

Pairs Novem! N t 
13, 44* 55 LOO 
15 16 6bU 5D 
17*, 48 90) Not Don 
19. 50% 50 50 
Doa*, 54 60 75 
55*, 56 30 25 
103A, 103B* 70 25 


In the text Professor Weber noted that of these exeesses about only 
10 points could be associated with the addition of AD—X2 due to its 
own physical properties apart from its operation as a reagent. There- 
fore all of the magnitudes noted in the table are still definitely positive 
when any number in the neighborhood of 10 is subtracted from each, 
and a ‘‘t’’ test would show a significant increase. However, without 
making any hypothesis regarding the distribution, the probability of 


; P ers an s 7 l ~~ 
getting 7 positive differences on November 5th is | se which is 
DR 


highly significant. If one wished to include the data on November 
6th as independent data which would be erroneous, since some de- 
pendence is evident), P 60. The true significance of this arrange- 
ment is somewhere between these two figures, and it is not worthwhile 
to try to take account of the dependence since the former value is 
already significant. 

(h) “When AD—X2 was added to a cell containing a diluted electro- 
lyte, as in a discharged eell, the conductivity of the electrolyte 
increased.” 

The observations were not taken in such a manner as to make a 
statistical analysis feasible under any hypothesis which seems to us 
defensible. 

It may seem peculiar that with the significance we have found in 
many of these experiments showing that the effect of AD—X2 is real, 
we have not given any estimates of the possible effectiveness and 
limits within which we might expect these estimates to lie. There 
are two reasons for this. First, it seems to us that in order to make 
statements of that nature, it is essential to acquire considerably 
more knowledge of the form of the distributions of the behavior of 
batteries in general regarding the measured attributes. Second, we 
have no direct data on interbattery differences when AD—X2 is added 
to some batteries and not to others. Nevertheless, it has been estab- 
lished under the controlled conditions of this experiment that the 
addition of AD—X2 has changed on the average the performance of 
the individual cells as regards many of their attributes. 








24 EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 


9. STATEMENT OF SUPPORTING SCIENTIFIC AUTHORITY 


DerceMBER 8, 1952. 
Professor Harotp C. Weser, 
Massachusetts Institute of Technology. 

Dear Proressor Weser: During the first part of November 1952, 
I made, at the request of President Killian, some observations and 
a few experimental studies on the effect of a battery additive AD—X2 
on lead acid storage batteries. The work was done in your laboratory, 
on storage cells selected by me from a group of batteries in your 
possession. In addition, I observed your work during this period. 

The following statements are made concerning the report, “Some 
Facts Concerning the Effect of Battery Additive AD-X2 on Lead 
Acid Batteries,’ by Harold C. Weber and dated December 1, 1952. 

1. Sampling.—In a laboratory test extending over a_ relatively 
short time, the cells used for testing must necessarily come from 
batteries that have been discarded or from batteries that have stood 
for a long time in a discharged state. The latter, although preferable, 
are usually not available. Discarded batteries have frequently devel- 
oped mechanical defects to a greater or less extent in one or more 
cells. For this reason, valid conclusions cannot be drawn from the 
comparison of one complete battery against another unless a large 
number of samples are studied. A smaller number of samples would 
be required in the method used by you where a comparison is made 
between a treated and an untreated cell taken from the same battery. 
However, even in this method, many tests are necessary to determine 
the effect, beneficial or otherwise, of a battery additive. Definitive 
conclusions can only be drawn from laboratory test extending over 
long periods of time or from extensive field tests. 

2. Summary of Results.—-1 observed the following facts concerning 
the results listed in your Paragraph 5. 

(a) “Among the cells in any chosen battery, all cells in such battery 
having been subjected to the same previous history, except for treat- 
ment with AD-—X2, treated cells showed larger capacities than did 
untreated cells, both being subjected to the same conditions of 
discharge.”’ 

In the experiments I made or observed, this was true except for 
two treated cells that would not take a charge. Both were found to 
have broken separators. 

c) “Cells treated with AD-—X2 when on charge presented a mark- 
edly different appearance from those on charge without treatment. 
The gas evolved in the treated cells was in the form of minute bubbles, 
while that evolved in the untreated cells was in bubbles estimated to 
be 4 to 10 times as large as those evolved in the treated. The liquid 
surface in the treated cells presented a different appearance from that 
in the untreated cells.”’ 

This striking difference in behavior was observed in every cell I 
studied or observed. The gas evolved in the treated cells was in the 
form of bubbles so small that they did not always rise to the surface 
of the liquid immediately, but eddied around in the liquid in swirls 
that gradually rose. The surface of a treated cell during and after 
charge seemed to be partly covered with small specks that gave the 
surface an oily appearance. 

(d) “The surface of a negative plate in a treated cell was distinctly 
softer than the surface of a similar plate in an untreated cell, both 
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having been subjected to the same charge conditions. Often, softening 
was first evident near the edges of the negative plate.”’ 

(e) “Under similar charge conditions, treated cells lost less liquid 
than untreated cells.” 

(f) “Under identical conditions of charge, treated cells operated 2 
to 5 degrees Fahrenheit cooler than did untreated cells.”’ 

(g) “During charge, and starting with discharged cells, treated cells 
gave higher hydrometric readings than did untreated cells, the differ- 
ences being greater than could be explained on the basis of the treating 
material added.” 

The statements in the above four paragraphs are in accordance with 
my observations except for the two treated cells, mentioned earlier, 
that had broken separators. 

In conclusion, I would say that the addition of AD—X2 certainly 
does have an effect on the behavior of a lead acid battery. From my 
brief contact with the work, I cannot say that this effect is correlated 
with a beneficial action from the standpoint of the normal use of such 
a battery. I feel that the latter can be determined only after the 
examination and statistical evaluation of extensive field tests. 

Very truly vours, 
James A. Brartir, 
Professor of Ph ysical Che mistry. 








APPENDIX 





SUPPORTING LABORATO 1) 


These data are, with one exception, all that were collected in the 
laboratory tests made on AD X2 Thev are here pre sented exactly 
as they appear in the laboratory notebook s with the exception that 
data referring vO a pa>rcti ilai cel] have been collected atl one pot, 
rather than havine them arranged chronologically ibs they were 
recorded Irrespe tive of the party thay ell beine tested at any specified 
tim This rearrangement was followed merely to aid others in study- 
ing the data. The key to the arrangement originally practiced in the 
laboratory is found by referring to the dates on which the various 
experiments were performed The one exception was a small amount 
of data collected in a preliminary way by Dr. Beattie personally to 
familiarize himself with the experimental Lee hniqus S ( mploved 

Data for the first 10 cells were previously reported briefly at a 


conference at the Bureau of Standards on September 29, 1952 
f f 
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{ ; 4:22 

{ { 

4 


1. Original liquid in cell and water added to cover plates. 
2. Cells 1 and 3 evolving large bubbles freely. No bubbles from 
Cell 2. Liquid level in Cells 1 and 3 raised about \4’’ 
3. Cells 1 and 3 evolving gas freely. Cell 2—no gas evolution. 


26 
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4. In cell 2, hydrometer floats but reading less than 1100. Some 
white de posit showing on edges of plates Cell 2. 

These cells constructed by sawing apart a single navy standard 
cell to make four small units. Three units used. Cells assembled 
in lucite case with open air insulation spaces between cells. Lead 
strips burned on the cells for connections. 

These cells supplied with new separators and assembled into plastic 
jar used previously. Acid of 1100-gravity added. Cell 2 treated 
with AD-—X2 before start of charging. 

Cell 1 was from center of original cell and not as badly sulphated 
as were Cells 2 and 3. This conclusion based on visual observation. 

Note these three cells were originally on charge 9/16/52 for 9 hrs. 
10 min. with a short in Cell 2. This led to conclusion to install new 
separators. All cells were discharged, new separators installed, 1100- 
gravity acid added, Cell 2 treated with AD—X2, and then all three 
placed on charge as indicated. Note Cells 1 and 3 now have an 
unfair advantage over Cell 2 because of extra 9 hr. 10 min. to break 
sulphate—and this extra charging was carried on in (essentially) a 
water electroly te—not an acid one. 


Charged Cells 1 ind 
CELL NO. 1 ELL NO. 2 CELL NO 
I ( I I I \ I \ I \ 
Sept. 23, 1952 
4:4 4 2 1100 { 4 
5:6 4 2 LOK 4 4 2¢ $ 
Chargi ugt 
Sept. 24, 1952 
11:00 0 20. 2 
11:02 ) amp 
00 Charging stoppe 
Discharge Cells 1, 2. and 
CELL NO. 1 CELL NO. 2 CELL NO 
Open Circuit Volt 2.1 Open Circuit Volt 2 Open Cireuit Volt 2 
Time _ Amp Volt Time Amy \ Time Amy \ a 
3:13 10 1.9 s 4:2t l 1.8 
3:15 10 1.8 ) s 1 I 1.8 
3:16 10 1.8 7 l ‘ 4:4( I s 
18 1) 1.8 4-1 4:4 7 
2%) 10 1.8 4:( 4 ) 
2 10 1.8 4 4 I 
24 10 1.8 4 10 l 4:f 10 l 
26 10 1.8 4:2 
i! 10 as 4°9 HI n 
3:30 10 ee! 4:29 ) 4 
3:32 10 1.3 $:23 
4 10 1.7 4:24 
3:37 10 7 4:2 ] 
5-40) 10 17 
3:42 10 Ay 
3:44 10 1.7 
3:46 10 1.6 
3:48 10 1. 5 
$49 10 1.3 
3:49! 10 1.0 
5 min 
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SEPTEMBER 25, 1952. 


Recovery test on cells 1, 2, and 3. These cells previously dis- 
charged September 24, 1952, and have stood 19 hours without addi- 
tional charging. 

Cell 2 has AD-X2 


Open Circuit Voltage—Cell 1, 1.9; Cell 2, 1.9; Cell 3, 1.9 





CELL NO. 1 CELL NO. 2 CELL NO. 3 
Time Amp Volts rime Amp. Volts Amp. Volts 
11:36 5 1.8 12:00 5 1.8 5 1.0 
11:37 1.8 12:01 1.8 1.7 
11:38 1.8 12:02 1.8 aT 
11:39 1.8 12:03 1.8 1.7 
11:40 1.8 12:04 1.8 ie 
11:41 1.8 12:05 1.8 ee 
11:42 1.8 12:06 1.8 1.7 
11:48 1.8 12:07 1.8 47 
11:44 | 12:08 1.8 La 
11:45 ie 12:09 1.7 Re 
11:46 1.7 12:10 1.7 1.6 
11:47 1.7 12:11 hae 1.6 
11:48 Met 12:12 a 1.6 
11:49 R, 12:13 1.7 1.6 
11:50 a7 12:14 He 1.6 
11:51 1.7 12:15 an 1.6 
11:52 i.6 12:16 oe 1.5 
11:53 1.6 12:17 1.6 1.4 
11:54 1.6 12:18 1.6 1.3 
11:55 1.5 12:19 1.5 1.0 
11:56 1.5 12:20 1.4 19 min. 
11:57 1.2 12:21 1.4 
11:58 1.0 12:22 1.3 
22 min 12:24 1.2 

12:25 1.2 

12:26 2 

12:26 1 


2644 min. 


All three cells appear to be in excellent condition by observation. 
At 12:50 dead shorted all cells to eliminate inequalities in recupera- 
tion. Put on charge at 12:55 at 5 amp. 


SEPTEMBER 25, 1952. 


Discharge of Cells 1, 2, and 3 After Charging Till 3:30 
(2 hrs. 35 minutes at 5 amp.) 


Open Circuit Voltage—Cell 1, 2 volts; Cell 2, 2 volts; Cell 3, 2 volts 


CELL NO. 1 CELL NO. 2 CELL NO. 3 
Time Amp Volt Time Amp Volt Time Amp. Volt 
3:50 10 1.9 4:38 10 1.7 §:25 10 1.8 
3:52 1.9 4:40 1.7 5:35 1.8 
3:55 1.9 4:45 1.7 5:50 1.8 
4:00 1.8 4:50 1.7 5:55 1,7 
4:05 1.8 4:55 see 6:00 1.6 
4:15 1.8 5:00 1.7 6:01 1.5 
4:16 1.7 5:05 1,7 6:02 1.3 
4:20 1.7 5:10 1.6 6:03 1.2 
4:22 1.7 5:15 1.6 6:0314 1.0 
4:2 1.7 5:17 1.5 384 min 
4:30 1.f 5:20 1.4 
4:32 l §:21 1.3 
4:33 1.4 5:22 1.2 
4:34 1.2 5:23 1.1 
4:34 1.0 244 l 

4414 min. 464% min 


Note concerning Cell 2: Lug which had been burned on positive 
plate bank broke off uear end of charge period. Could have been a 
bad connection during previous tests on this cell. Substitute a 
needlepoint connection for broken lug since no other means of con- 
nection was immediately available. 
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Cells were Exide Hycap Cells from junk battery 
sulphated plates. New separators installed. Cells 
original case with center compartment empty. 
battery. 

1100 acid added. Cells stood over night Gravity dropped on 
standing over night. Temperature cannot be read—cannot get 
thermometer into cell. Gravity on Cell 5 practically 1100 


with heavily 
assembled in 
This was Group II 


Sept. 19, 1952 CELI 0.4 ( LI 
Time Charge Rate emp Gt \ 
9:25 5 amp AD-X 
Q: 2% l , 0 ( 
10:00 
11:00 2 
12:00 2.3 l 2. 4 9. 2 
1:00 2 é 
- & _s 
Charged 4 hr 
D + \ (iF 
Time Amp Volt lime Amp Volt 
3:33 1.8 2:34 
3:34 1.4 , 
$6) 
38 
) ) 


Tests on recovery of cells 4 and 5 pre 


viously dischareed after 
standing 96 hours with no recharging 


Cr l NO 
No AD-X2 \ ‘ 
Ti \ \ \ 
1] 
ll 
) s 
{ « 
$1 8 
4 i 
4 
Ll:4 1 
l 
1 
{ 
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Second discharge without recharging on cells 4 and 5 after standing 
1 hr. 40 min. Cell 4 showed open circuit voltage of 1.0 and .3 volts 
at .2 amp. 
CELL NO 
1 Amp 
35 4 


= 





l 

l 

1 

l 
ls 
1:40 
1:41 
l 
1 
1 

l 

I 
1 
1 


NTP Onmwe 


1H 


4s 


19 


14 min 


SEPTEMBER 26, 1952. 


Cells 4 and 5 were put on charge at 10:55 at 7 amps. and charged 
for one hour. They had previously been discharged on September 24, 


1952 


CELL NO. 4 CELL NO 
Open Circuit Volt. 1.8 Open Circuit Volt. 2.0 
ne Amp Volt lime Amp Volt 
1 1 1:20 1.9 
1:1 1.4 1:21 1.9 
1:12 1.4 2 1.9 
1:13 1.3 1:23 19 
1:14 1.3 24 1.9 
l 1.1 1:2 1.9 
l 1.0 l 1.9 
TY l 1.9 
2s 1.9 
") 1.9 
1:30 18 
1:31 1.5 
1:32 1.s 
1:3 1.8 
1:34 1.8 
1.8 
36 1,8 
1:37 1.8 
1:38 1.8 
1:39 1.8 NOTE: Cell 4 went almost 
1:40 1.8 is long at 5 amp. discharge 
1:41 1.8 ifter 1 hr. charge as it went 
1:42 1.8 previously at 6 amp. discharge 
1:43 1.8 ifter previous 5-hr. charge 
1:44 1.8 NOTE: Cells 4 and 5 stood 
1:4 1.8 from 9/24/52 at 1:30 P. M. till 
1:46 1.8 10:55 P. M. on 9/26/52 when 
1:47 1.8 they were put on charge at 
1:48 1.8 7 amp. for one hour 
1:49 1.8 
) ¥) 1&8 
] 1 LS 
1:59 18 
18 
220K 1.8 
1.8 
18 
1S 
2 8 
18 
1.4 
1.3 
2:39 1.3 
{ 1.2 
2:40°4 1.0 
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_ % ] » 
Ld I S [ ( 
Cell put on charge at 2:42 p. m. at 7 amps. AD—X2 added and 
charged at 7 amps. till 3:40 p. m. (58 min. 
D ( \ 

s 1.4 

1.1 

: o1 A 


Note: When this Cell without, AD—X2 was previously discharged 


after 58 min. charge at 7 amp., it went only 5 min., as contrasted 
with 8% min. this time. 


SEI MBER 22, 1952 
Two Autolite Cells from Group I passenge rear battery New wood 
separators installed, cells drained and 1100 acid added. Separators 


were soaked in water. Gravity at start under 1100 but hydrometer 
floated 
Evidence of shorting band of sulphate on both ends of Cell 7 
Cells assembled in outside sections of 3-seetion glass container 
Loose sulphate mud removed from between edges of plates on Cell 7 
with filter paper. Same treatment given to Cell 6, although no 
shorting mud was in evidence. ‘Thermometer checked and read same 
at same temperature. 
Charged cells 6 and 7, 3 hours 20 min. at 5 amps 


( 
CELI CELL NO 
I Charge R ee i 
11:40 4. ( t 24 
11:44 samy 4 
11:46 Samy 2 
11:48 im] AD-X2 Adde 
1] my 7 
1:54 imp 8 1106 2.6 
3:00 5 amp 27.8 ] 2%. 9 1106 . 
I p. 
DISCHARGI 
CEI ) CELL NO. 7 
I A \ Amy Volt 
] ] 1.8 
Before discharge, 5 l 1.¢ 
open circuit 3:29 1. ( ) 1.4 
voltage was 1.9 7 1.2 
on both cells 8 M 2( 1. 
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SEPTEMBER 23, 1952 


Ci 
CHAR 
CELI CELL NO 
( \ \ 
+ s 2 
‘ I 2 4 
DISCHAI 
ELL N( CEI NO 
\ \ N \ 
) l 8 
& t 
1 
NA A 
L U 
Min 


Before discharge open circull voltage was 2.0 on both cells 


SEPTEMBER 24, 1952, 
Cells 6 and 
Tests on recovery of Cells 6 and 7 previously discharged after stand 
ing 17 hours without recharging. 


CELL NO CELI O,7 
-X AD-X2 A 
\ \ Ar \ 
q 
} ) $ 
I t 
2 t 
) 4 
t t t 
4 1.4 
4 l 
1 1.3 
5 4 1.2 
) n 1 
1) t x 
Mir 


Second discharge without recharging on Cells 6 and 7 after standing 
1 hr. 30 min. 
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Discharge Ca 


Cells 6 and 7 put on charge at 10:55 at 7 amps. and charged for 1 hr. 


They were previously discharged on ptembel! 24 1952 


( LL NO Cr 


Nore: Cells 6 and 7 stood from 5:21 p. m. on 9/23/52 till 2:40 on 
9/26/52 when they were put on charge at 7 amp. till 3:40 p. m 


EFFECT OF AD—-X2 ON GRAVITY 


An Autolite hich level group one cell required 550 ee. of liquid LO 
bring level to a height such as to cove plates and plate lugs 

When 1 envelope of AD X2 was added to 550 ee. of 1135 acid, the 
eravity rose to 1155. 


To 550 ec. of 1300 acid in a graduate 1 envelope of AD—X2 was 
added. Acid was at approximately room temperature. Gravity 
rose to 1320. 


Tests on New “Beacon” 13 Plate 90 A. H. B I Wecak 1 Made by 
( / \ 
Cell No g 
Sp. Gr 1250 1250 1250 
Temp 22 22 22 


Battery put on charge at 4 amp. at 10:50. AD-—X2 added to Cell 
10 at 10:55. Immediately after adding AD-—X2, hydrometer reading 
was 1260. Note less gravity rise than when no elements are present. 

After charging for 3 hrs. 17 min. whole battery was discharged 
starting at 2:07 at rate of 25 amp. At 5 P. M. battery would no 
longer light a single 21 C. P. bulb. 
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SEPTEMBER 26, 1952. 


Visual inspection of plates in Cells 4, 5, 6, 7 at end of experiments 
showed negatives softer on treated cells than on untreated, even 
hough hard sulphation had not been completely cleaned up. 


LELLPLOOBKS 


OcToOBER 14, 1952. 


These were four of six cells in a 12 V US2HM-11 Plate Willard 
airplane battery probably 10 A. H.) obtained from salvage at Fort 
Devens. One end cell was removed for examination. It showed 
some sulphation and generally was in good condition. Cell between 
first two and fourth and fifth left empty and bridged for isolation 
purposes 

First two and fourth and fifth cells filled with 1100 acid 

Batterv placed on charge for 10 minutes at 5 amps. After 10 
minutes all cells showed 1.8 V open circuit. Cells immediately 


rae) r | 
aischnarved., 


ELL NO, 11 CELL NO. 12 CELL NO. 13 CELL NO. 14 

4 \ Ar \ Amy Volt lime \ Volt 
10 | 4:09 10 Lf 4:2 1 1. 60 
1 { 1 8 1. f 4: 2¢ 1. 60 
{ 1 ¢ 4°] l ) 1. 60 4:27 1. 55 
4 4:12 1. ¢ 20 l 1:28 1. 50 
} 1.4 4:1 21 l ) 4:29 1.50 
l 4:14 l 2 1. 50 4:30 1. 50 
4 Ss 1.0 4 , 1.4 4:31 1.4 
4:1 24 1.0 4:52 1.0 

1] 


4 min., 8 sec, 71 e( / minutes 7 minutes 





EFFECT OF BATTERY ADDITIVE AD—X2 ON LEAD ACID BATTERIES 380 


Cells ll and 12 treated with AD-X2 att | tL on charee 


5 amp. from 4:40 to 5:35 and all cells discharge O | amp. on shor 
eircuit Battery allowed Lo stand I auischi red conditio | 
October 20 
No gravities or temperatures taken since cl 5 ) 
y } 
short to atiect them 
1) 
( 
D } | ( 
CEI ( 
\ 
t 
2 } A 
2:48 
() BER 20 52 
( 
Second Discharge After Standing From Times ¢ P No Re q 
CELL NO CELI ( 
I ‘ Amy] \ . 
+ t $4 ‘ ‘ x 
£32 ] i 5S 
4:2 
4:2 $ 
$:28 ) 4 
4°29 l ) } 
4 1 4 
$ l 4 
t 1.t £:58 
$234 | { . 
{ | 
4 1.64 
138 1.60 
$39 1.60 1 
4-40) 1.60 
4:41 1.60 
4:42 1.60 5:06:48 5 
$:43 1.50 12 
4:44 1.50 
$:45 1.40 
4:46 1.30 
4:47 1.20 tS 
4:45 1.0 
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Octo! R 2] 1952 


( 


These were two cells from a standard automobile battery supposed 

Iphated Third cell was ! moved, plates were 1D cood condition 
and showed sulphation Battery was a Mobile Delux 51 plate 
120 A. H. Group Il. Cells charged at 5 amp. for 15 min. 


OcTORER 22, 1952 


Cells put on charge at 2:41 at 5 amps AD—-X2 added to Cell 15 at 
tS Cells taken off charge at 3:45 


OPEN CIRCUIT VOLTAGE 


OcToORBER 23, 1952. 


('¢ s 15 and 16 


Cells recharged at 5% Amps. from 8:45 to 11:45. 


OPEN CIRCUIT VOLT 
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) ER 23, 1952 
These cells placed on charge at 4:15 at 5 amps. 
O i 24, 1952 
( ' 
Off charge at 2:45 However, these cells did not charge overnight. 
Clip fell off during night. 
( R 
Cell N 
Gravity 11. 50 L1. 50 


These cells placed on charge again at 9:10 and taken off at 6:25. 


NOTE: Cell 16 was discharged be fore Cell 15 as recorded 
OcToBER 30, 1952. 


Cells 15 and 16 placed on charge at 4 amp. at 11:25. 
Cells 15 and 16 taken off charge at 2:40 


OcToRER 31, 1952 
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These ar two type U.S. 2HN-11 Plate airplane batteries made by 


Willard and obtained from salvage from Fort Devens at same time as 
were Cells 11—12—13-—14 All cells dry as received—tilled with 1100 
acid All cells placed on charge at 5 amps. at 2:27 
) D y 
| ('T 
Oc ; 


LI \ 
LI \ 
i LI ) \ 
LI IEA 
) LI DEA 
Following cells treated with AD-X2: 
Ce Vo O , f S 
All cells placed on charge at 4 amps. at 4:15 p.m. All gravities at 


close of charge under 1100—float just about floats. 


‘ tO 
OcTOBER 24, 1952 
( Vo f 18—19 0-21 23-2 4 ¢ 


Taken off charge at 10:10 [Impossible to get reading of tempera- 
tures durine charging because could not vet thermometer bulb 
immersed through filler hole. 


Gravity Readings at 2:30 





EFFECT OF 


BATTERY 


ADDITIV! 


AD 


X2 ON 


SD Oe 
| ) 
( 4 S 
D re Da 
CELL NO. 17 ». 18 CELI ( ) 
Time Am \ 
3:11 30 i ! { 
3:12 1.7 2 1 1 
3:1 2 l 4 
3:17 1.7 ; { 
3:19 ] 
3:20 1.7 4 
3:25 1. ¢ I il Brok 4 Q 
3:29 1.£ { s 
3-90:45 1.0 4 
18 min. 45 sec 1 
4:4 
4:4 ) 
CELL NO. 20 CELL NO CELI ) 
I A ) Volt A \ \ \ 
1 0 1.9 g 
4 & S ) Q 
Fr -4y 18 g 
1.70 & 
1. 64 
4:4 1.0 & ' 
23 45 sec { I 8 ‘ 
14 1. 60 
1.4 
} 1 
29 min 0 
OcTOBER 24 Q5? 
Ce to 28 
Discharge After Stand Sinee October 24 at 2:30 
‘ OPEN CTI 
CELL NO. 23 CELL NO. 24 CELL NO ( VOI 
Time Amp Volt rime Am| Volt I ‘ AT Volt Cell \ 
{ 40) is 4 ® { Q 
1.8 4 w Q { 
$40 1S 4 4 8 9 
3:45 1, 75 4:13 1 
3:47 1.70 4:1 l 
3:50 1. ¢ 4:17 l 14 x 
13 1.60 4:19 
1. 60 4-91 
3:56 1, 55 4:2 
3:58 1. 50 4 j 
3:59 1.40 4:29:1 1 1¢ 
59:15 1. 20 
3:59:30 1.00 21 
25 min, 30 sec, 
CELL NO. 26 CELL NO CELL NO. 28 
rime Amp Volt ime Amy \ < 4 \ 
11:29 40) 1.8 4( ) 9 
11:30 1. 85 1:34 g 
ll 1.80 l 1 
11°36 1.7 1 
11:40 ] 0 
11:44 1. ¢ 1/) 
11:45 1.¢ 
11:46 1.§ 
11:46:30 1. AC 1 
11:47 1. 4 
11:47:30 1 
11:48 1.1 
11:48:15 1.0 
19 min. 15 sec 
ry : 
NOTE. Then these cells discharge DO el hours a 


Cells 23, 24, 25 
Nore. Sulphated cells probably do not hol charee till afte 
sulphate is completely broken 
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( 8 Jjand 30 


These ure LWo cells from i Villard heavy duty 115 AH 6-volt 
automobile battery, croup 2, 17 plates per cell. Third cell cracked. 
This battery obtained from Mr. Goodwin. Battery had stood with 
electrolyte in it for 2's years. Charged from 3:16 to 4:41 at 5 amps. 


ts \] 3a treated with AD se 


OcTOBER 28, 1952. 
( ) n 
I l O CELI oO 
Amy \ 
OcTOBER 30, 1952 
Discharge Data. Cells 29 and 380 


Cells 29 and 30 on charge at 6 amps. 2:45 P. M. taken off 5:55. 


CELL NO. 29 CELL NO 
Amy Am] \ 
10 
f ) 
y) 1 
( | 
‘) 1 
‘) l 
] 
l 
L.t 
8:30 1 1 
ion 3 1. 
160 
8 
”) 
] 
———— 


OcTOBER 27, 1952. 
Cells Nos. 31, 32, 33, 34 


we 


These cells from Exide radio battery brought to Boston by Ritchie 
on October 27. Cells were drv—elements only brought—no ease. 
Battery was dated on strap sixth month of 1942. These four cells 
made from two larger cells. In this process one positive from each 
of the larger cells was discarded. 

Cells were placed in distilled water and assembled into a plastic 
airplane case made for six cells. Two center compartments were left 
empty for insulation. New separators were installed in all cells. 
Then cells put on charge at 4.5 amps at 2:43 and taken off at 4:50. 


Cells 31 and 32 treated with AD—X2 
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ELI 

Thermometers were inserted in all cells nometers were 
checked for agreement before using 

Treated cells during eharge ran about 2 ( COO LCI an intreated 


cells (28 versus 30 After charge had stopped treated cells rose 
; ; 


] to 2° above untreated cells Treated cells showed heavier and 
more lasting froth than untreated cells 


() REI 2s Ww? 
V oltages (Jn ( i 
CELI : 
I p 
On Charge at 5 amp. at 2:20 
CEI 4 
Volt x ’ N 
() OBER 28 4 
7 i 
8 IS, 34 
Cha ging 

SELL 2 34 
Voltag 3. 0 3. O 3. 8 3. 40 
Time 2: 25 2: 25 2:25 2:25 
‘Temperature 25 24 27 26 
lime 2:36 2:32 2:32 2:32 
Temperature 26 25 25 28 
Voltage 2 80 » RO 2 OO 2, 85 
Time 2:45 2:4 2:4 2:46 
Cemperatut 28 27 30 30 
Voltage 2. 60 2. 60 2. SO 2. 80 


\t 2:55 treated cells were evolving lar 


e amounts of fine pin point 
bubbles. Untreated cells were evolving 


argvel bubbles. 


{ 
Lime 53a 5:22 23 :23 
i perature y } 50) 

Volta 2. 40 2 40 2 60 » 40 


\bove temperatures nay hav been influen ad D\ vresence of licht 
to observe fine bubble formation 
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Charging—Continued 
( ) 34 
I ‘ 1:57 1:57 1:58 4:58 
lemperature sD 34 54 34 
Voltage 2. 40 2. 40 2. 39 2. 35 


OcToBER 28, 1952 
Cells 31, 32, 33, and 34 


Discharge Data 





( LL NO CELL NO 
Amp. Volt Pirne Amp. Volt OPEN CIRCUIT VOLTAGI 
1.7 22 10 1.¢ Cell #31 Volt. 1.8 
10 1.65 5:23 1 1.55 
} ) 60 24 1 1.50 Cell #32 Volt 
| 1 ) 10 1.50 
10 l 5 :2¢ l 1.50 Cell #33 Volt 
( 5:28 It 1.40 
) 0) Q 1.10 Cell #34 Volt 
4 ) 40) Det 1.10 
| 4() GY 
I 40 
I 1.0 
if 1.2 
l 10 
1 10 
4 ( ( 
( NO El NO 4 
A \ \ 
419 1 
1 
' 14 
: 
6 ] 


OcToBER 30, 1952 


Cells 31, 32, 33, and 34, although starting with equal liquid levels, 


required the following amounts of water to again make levels equal 
Cell 31. none: Cell 32, none: Cell 33, 22 c. c.: Cell 34, 31 ¢. 
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Kach cell killed individually. 

Water added to each cell to br level to ma it on transpal { 
case 

Hydrometer will not float in any « 

On charge at 12:40 at 6 amp 


Above cells off char ce at 5:40. 
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t 
t 


Note: Above cells have received considerable charging and sinc: 
they are probably about 30 amp. hour units probably have recovered 
to a considerable degree Also note eravity cannot be expected to 
rise very high even on full charge since cells were at start filled with 
distilled water, and moreover, cells contain much free volume for 
excess liquid, thus tending to result in a low gravity. 


NOVEMBER 4, 1452 


Discharge After Standing A Night and After Discharge 
LI ( 
A \ 
s 4 1.8 
4 l 
b 
+? l 
19 4 hs l 
() 1.2 1 
1.1 t l 
1. ( 4 
l 
3 
— 


OcroBER 29, 1952 


Cells 35, 36, 37, 38, 39, and 40 


These are Sunoco type 112E acquired October 29th 

Cells 35, 36, 37, strap dated November 1947, 

Cells 38, 39, 40, strap dated February 1948. 

Cells contained residue of original electrolyte. 

Liquid level adj ted I) adding d).tilles wai 

All six cells on charge at 5 amp. at 1:55 P. M.—off at 2:55 
New separators were installed in all cells 
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D 
CELL 8 CELI 
De D 
1 
After discharee cells 30. 3d, tO wer treated \ AD ne, Note 


that apparent best cell #37 was not treated 


All SLX cells on chare at 4:55 r NI at 5 al 
Voltage readings on charge at 5 amp 
CELL 3 CELI | 
Tir 
( 0, 1952 

At 10:30 checked cells 35. 36. 37. ane S. 39. 40 for shorts between 
cells with 110 volt test lamp Cells 35 and 36 a shorted On 
ohmmeter resistance 1s under 60 ohm. Resistance between 36 and 37 
Is under 2000 ohm. Others show seve al thousand ohms between 


cells and no glow on test lamp. 
Cells 37, 38, 39, 40 on charge at 11:25 at 4 


a) amp 
*« I > 1952 
D'‘scha ( g } ( 
CELI 
Amy] \ 
1:4 40) 1 
1:46 l ( s 
1:47 1 
1:48 1.4 \ 
1:49 | ( 
1:50 
1:50:30 
OcToBER 30, 1952. 
Cells 41, 42, 48, 44 D, Ae 


These were put on charge at 11:45. 

These are two cell batteries made by removing center cell 
Sunoco 112E type batteries obtained by Goodwin and Ritchie on 
October 29th. These cells filled with enough distilled water to bring 
level up. Cells 41 and 42 have original separators. Ce 43. 44. 45. 
46 have original wood separators. . Cells off charge at 1 


from 


‘Is 
2:15 
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OcrosBER 31, 1952. 
11 through 56 put on charge (with 6 unnumbered cells for 
ttie) at 2:45. Can get less than 1 amp. through bank. Off 
{ 15 | \ cell Was dead. At | O5 followin r Ce were 
12, 4/7, 90, 53, 52 d put on charge at 5amp. Off charge at 
{ 1 { 4 4 47 4Y A 
R NR R 
4 
I VR I 
\ Mi 10 
( 5 f 
\ 0 | it A ) ( | hie l QA T ! tec 
ry 
> | ; 
1] 1) 1 1S ) | on char iT ) mp 1t 1°30 
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CELL NO CELL N¢ 
J AT Vol Tim 4 
1 g 
’ 12 7 
i \ 
l 
l \ 
] 
1 
‘ 
Cel 14, 45, 50 t ited at ) 
Cells 41-42 14. 45-4 ) 5] { 
Also LOLA, 101B 2A 031 D 
1a at LO 
( 
l 
l 
( 
1 
( tl and 42 di ( 
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NOVEMBER 4, 1952. 


C'¢ 15 and 46 


Discharge Data 


CELL NO. 4 CELL NO. 4¢ CELL NO. 49 CELL NO. 50 
] ‘ Am] Volt ime Amp Volt Tin Amp. Volt Cime Amp. Volt 
2 ; { ( Dead 
Dead Dead Dead 
CELL NO. 4 CELL NO, 44 CELL NO. 51 CELL NO 
Dead Dead rime Amp. Volt Time Amy Volt. 
& f 1 ( 1. 50 
} 1 18 1. 50 
{ 0) 10 
14 1.4 ) 
H 
CELL NO. 47 ( LI O, 48 
i \ Vi I \ \ 
4:1 1. ¢ Db ] 
4:11 
4:13 
4:14 ) 
4°] 
4:15 
$:19 1 
4:21 


Cells 4142, 43-44, 45-46, 49-50, 51-52, 53-54, 55-56, on charge at 
1:10 at 3.6 amps. Cell 47-48 on charge at 4:30. 


All these cells off charge at 9:30 AM November 5th. 


NOVEMBER 5, 1952. 


Plates on 52 considerably softer near edges than on any part of 51 


after charging all night. 


NOVEMBER 9, 1952. 
Cells 53 and 54 show slightly irridescent film as if oil were present. 
These two cells may be contaminated. 
Cell 52—-Examined plates on this cell and found 4 cracked positives. 
Cell 51 has no cracked positives. 
Cells 45 and 46 off charge at 1:30 
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Discharge Data 


CELL NO, 4 CELL NO. 4 
lime Amp Volt rime Amy \ 
1:34 10 1. 50 1 40 
1:3 1.50 ‘ 
1:36 1.40 i 
1:37 1. 40 s 
1:38 1.40 ) 
1:40 1. 4 2:K 
1:43 1. 40 2:0 
1:47 1. 40 2:02 
1:48 3 2:4 
1:50 25 2:04 
1:51 ") 
1:52 1.15 , 
1:53 1.0 
1:53:45 1.00 
; } 


103A and 103B off charge at 2:05 
53-54 off charge at 260 
13-44 off charge at 2:30. 


N MBER 5, 1952 
Hydro / ] t 10°3¢ 
CELI ) { 4 12 
fra 10 
Vater Make 1 8 : cr 
CELI 14 13 
Gravity ( S 
Water M | 8 0 , ‘5 9 9s cr 


Gravities less than 1100 taken with additional hydrometer. 
1.000—1.500 checked against two battery hydrometers being used. 

*Cannot do because no reference level found in cell (ledge on case). 

Cells 49, 50, 45, 46, 53, 54, 44, 43, 55, 56, 103A, 103B put on charge 
again at 11:10 at 6 amp. 


ELL NO. 4 ELI ( 8 ELL NO. 49 
~ Pime Amy} Volt I \ \ A \ 
11:17 4 1. 60 ) } { 10 
11:20 1. 60 2-01 
11:22 1. 60 2:0 ) ‘ 0 
1:2 5 2:03 40) 
11:30 0) 04 ; 
11:35 50 4 
11:37 1 { M 
11:38 1.40 Min. 10 See. 
11:39 35 
11:40 5 
11:42 30 
1:43 1. 20 
11:44 1.10 
11:4 00 


28 Min. 
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Discharge Data—Continued 


( I O 
‘ \ 
‘ 
in ) ae 19 1 16. 4h 4 14 | 55 
\ > \\V ) mp. how Ul i | Ct | 
( m Dub yles 1 , CA oO all ated ¢ 3 with 
noted) and su ‘ appeared more viscous. Could not 
( »») na 54 
) 
. 
\ 1) ) l rit 
i il | ) nade 
I \ CO 1) ) 0 ( n ) vo 
i VO \ l Pa } Lion 
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NoveEMBER 6, 1952. 


Following cells on charge at 10:15 at 11 amps. (used two sides of 
charger for this). Water level in all cells brought exactly to ledge 
cast in case at start of charge 


CELL 49 ) 4 tf 3 4 17 48 I 

Gravity 1090 1136 l 2 1 \ ) 

Water added, cc 44 Over 2 38 Oo ” 
ledge 

CELL 44 13 55 ‘ 103A 

Gravity 1154) 1050 L150 1 

Water added, ex Ni 2 None 32 8 O 


NOvEMBER 7, 1952 


At 10:20 again looked at water level in above cells. Level had 
dropped in several. Water level was once more brought up to refer- 
ence ledge. Following amounts of water were necessary. Time 
10:20—-10:50 to do this 


CELI 49 i } { 17 18 44 43 

CC Water 42 2 4 
CELI 6 O3A 

CC Water 32 ay 


Above cells require approximately 800 ec. of electrolyte to bring 
level to ledge with plates in place in cell. 
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BLOCK DIAGRAM OF CELL 
ARRANGEMENTS 


ells} Els] Sis] | 
© 
Rlalalol~/Nt Friel wlolN/@] [alo ~I% mit} fojo/h 
~I~ IST NINT St NIM mim mim mim |™ 
@}9/S ~ ~ ” XN 9 ~ | | 
mim) v y y | =z ” ») 1 


>| Ie] fo] Je * CASE CRACKED 
oi oy fe, | 35 AND 36 NOT USED 


NOVEMBER 6-25. 


GENERAL EXPERIMENTS OF LONG DURATION 
1. DISAPPEARANCE OF SEDIMENT 


A small, glass-cased Willard thick plate cell, approximately 15 years 
old, had been left in an uncharged condition for several years. Well 
over an inch of sediment had collected in the bottom of the cell, and 
the liquid level had fallen over 2 inches below the tops of the plates. 
Distilled water was added to restore the level. Battery AD—X2 was 
added to the cell, and the unit placed on charge at 3 amperes. In 
several hours sediment reduction was evident, and by the time the 
cell was fully charged, the sediment was less than \% inch deep in the 
cell bottom. This occurred in May 1952. During the present series 
of tests, this cell was again examined, and it was evident to those 
present and also present when the cell was originally charged after 
treatment, that sediment has shown a further considerable decrease. 
The cell has not been recharged. 
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Two groups of two cells each, of heavy plate Exide batteries (two 
plates per cell), were observed in the summer of 1952 at the Army 
Base in Boston. It was said that before treatment with AD-—X2, 
these cells contained so much sediment that it was above the bottom 
of the plates, and some cells were being partially shorted by the sedi- 
ment. The cells were treated about January 1952. When observed 
in July, the sediment had receded about '4 inch below the bottoms of 
the plates. The cells were moved to Cambridge in September, where 
they could be more readily observed. Sediment in one pair of cells is 
now approximately 1 inches below the plate bottoms, while in the 
other pair, it is about 1 inch below the plates. On November 6 at 
1:30, the second pair was placed on charge at 4 amp. until 5 p. m. 
On succeeding days for one week, it was alternately charged and dis- 
charged. From marks placed on the glass cases, a reduction of about 
¥ inch in sediment depth has been noted, some of this occurring while 
the cells were sitting idle for several days after the charge-discharge 
cycle. Complete sediment disappearance is not expected in these 
cells, but the level has receded to a point where difficulty from sedi- 
ment is a remote possibility. 

A record is made at this time of an automobile battery in a rubber 
case. A hole was accidentally knocked in the side of the case by a 
stone thrown up from the road. Although the battery was eighteen 
months old and had been treated with AD—X2 six months previously, 
no sediment was found in the cell bottom. Incidentally, the exposed 
negative plate was soft and apparently in excellent condition. 


2. SOFTNESS OF TREATED NEGATIVES 


Repeatedly, the relative hardness of outside negative plates was de- 
termined by ploughing the thumbnail across the treated and untreated 
negatives. Access to the plates was obtained by lifting the complete 
cell from the container just at the end of a charging period. The 
treated negatives were found to yield a soft, mushy quantity of paste 
by this procedure, while untreated negatives were hard, if sulfated, and 
yielded no such ploughed-up material. Sometimes the soft spots 
were found only at the plate edges of the treated negatives. 


O 





